Knowledge of seasonal climate change is one of the key issues facing Quaternary paleoclimatic studies and estimating seasonal climate change is difficult, especially changes such as seasonal length on glacial-interglacial timescales. The stable isotope composition from seasonal land snail shells provides the potential to reveal seasonal climatic features. Two modern land snail species, cold-aridiphilous Pupilla aeoli and thermo-humidiphilous Punctum orphana, were collected from different climatic zones in 18 localities across the Chinese Loess Plateau, spanning 11 degrees of longitude and covering a range of 1000 km 2 . The duration of the snail growing season (temperature ≥10°C) was shorter (202 ± 6 d) in the eastern Loess Plateau compared with in the western Loess Plateau (162 ±7 d). The δ 13 C of P. aeoli shells was −9.1‰ to −4.7‰ and −5.0‰ to 0.3‰ for δ 18 O. For P. orphana, the δ 13 C ranged from −9.1‰ to −1.9‰ and −8.9‰ to −2.9‰ for δ 18 O. Both the δ 13 C and δ 18 O differences between the two snail species were reduced from the east to the western Loess Plateau (2.8‰ to 0.2 ± 1.1‰ for δ 13 C and 4.7‰ to 2.9 ± 1.3‰ for δ 18 O). These isotopic differences roughly reflect the difference in the growing season lengths between the east and west Loess Plateau indicating that the duration of the snail growing season shortens by 15 d or 19 d if the difference decreases by 1‰ in δ 13 C or δ 18 O, respectively. Thus, the difference in δ 13 C and δ 18 O between both snail species can be used to reveal the length of the snail growing season in the past. Based on our investigation, the length of the snail growing seasons from the Xifeng region during the last 75 ka was reconstructed. During the mid-Holocene (8-3 ka), the mean isotopic difference from both snail species reached maximum values of 2.6 ± 0.7‰ and 2.1 ± 1.4‰ for δ 13 C and δ 18 O, respectively. This was followed by MIS 3 that ranged from 2.5 ± 0.4‰ for δ 13 C and 1.6 ± 0.8‰ for δ 18 O. The Last Glacial Maximum changed by only 0.2‰ and 0.4‰ for δ 13 C and δ 18 O, respectively. Therefore, we estimate that the duration of the snail growing seasons to be ~200 ± 10 d during the mid-Holocene, 190 ± 6 d in MIS 3 and 160 ± 3 d during the last glacial period. . In other words, long-term climate change is governed by the variation of seasonality or seasonal length [2] . Knowing how seasonal lengths shifted during Quaternary G-IG cycles is an important key to further understanding the processes and mechanisms of long-term climate change. Climate in the Chinese Loess Plateau is significantly controlled by the East Asian winter and summer monsoon, with distinct seasonal changes that can be divided into four seasons. These are based on a pentad-temperature method that is a mean value of per five-day temperature [3] . Temperatures lower than 10°C are attributed to winter and those over 22°C to summer. Pentad temperatures between 10°C and 22°C are either spring or autumn [3] . It is generally accepted that in the monsoon regions, the seasonal length
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Land snails are among the most common fossil remains in the aeolian sequences in the Loess Plateau and are widely distributed in different ecological environments [4, 11] . In the modern Loess Plateau, land snails are sensitive to seasonal climate and prefer to grow in different seasons and habitats according to their ecological tolerances [11, 12] . Thus, snail shells can record seasonal climate information such as isotopic compositions of plants and rainfall during their shell's growth [13] [14] [15] [16] [17] [18] . In recent years, carbon and oxygen isotope compositions of snail shells have been used to indicate seasonal climate, and many advances have been achieved [13] [14] [15] [16] [17] [18] .
Previous studies of land snails from the Loess Plateau have shown the δ 13 C of snail shells were closely related to the δ 13 C of plants during the snail's active season [15] . Gu et al. [16] considered that snails that grow in spring would ingest more C 3 plants and present a more negative shell δ 13 C. Conversely, summer growth would increase the proportion of C 4 plants in their food and show a more positive δ 13 C value. For changes in δ 18 O, Leng et al. [13] and Sun et al. [17] found that the abundance of 18 O in snail shells is dominantly controlled by the δ 18 O of rainwater during snail growth.
In the Loess Plateau, different snail species tend to grow under different seasonal climate conditions in either spring, summer or autumn. Since the duration of each season varies largely from the southeast to northwest [19] the length of snail growing season and relative abundance of C 3 and C 4 plants eaten also correspond with these changes [19] [20] [21] . Thus, it is possible to analyze the isotopic composition of fossil snail shells to provide a suitable interpretation for variation of seasonal length in different parts of the Loess Plateau.
In this study, we examined the δ
13
C and δ 18 O from two typical snail species, the cold-aridiphilous Pupilla aeoli and thermo-humidiphilous Punctum orphana. The snail shells were retrieved from 18 localities across the Loess Plateau to determine the relationship between their isotopic composition and the seasonal climate in which they lived. Using this data, we preliminarily estimated the length of the snail growing season of the last 75 ka in the Xifeng region of the Loess Plateau.
Materials and method

Modern land snail samples
Eighteen modern land snail samples were collected along latitude ~35°N from Niangziguan, Shanxi Province, in the eastern Loess Plateau, to Guanting, Qinghai Province, in the western Loess Plateau during May 2005 (Figure 1 ). The snail populations were obtained from different habitats Figure 1 Location of this study's modern sampling sites (white triangles) and Xifeng loess sequence, and the beginning of spring in different regions of the Loess Plateau [19] . The numbers mean 18 sampling localities (see Table 1 ).
including woodland, hill slopes and open ground under trees, grass, litter or leaves. All these localities were devoid of interference from human activity and were positioned using GPS. Every sample was collected within a 1 m 2 radius following removal of surface litter, and the top 2-5 cm topsoil was also collected. Each of these samples weighed between 10 to 20 kg. The soil samples were washed and sieved (mesh diameter of 0.5 mm) in the field. In the lab, samples were further washed and dried. All snail shells collected were sorted and identified under a binocular microscope.
Our modern investigation spans 11° of longitude and a range of more than 1000 km across the whole Loess Plateau (Figure 1 ). In the area covered, the arrival of spring is not synchronous, with a lag of approximately one month from the east to the west [19] . The arrival of spring in Niangziguan, Shanxi Province is in late March, while Guanting, Qinghai Province it is late April, about one month later than in Niangziguan (Figure 1 ). According to meteorological data of the past 50 years (data from China Meteorological Data Sharing Service System. http://cdc. cma.gov.cn/, similarly hereinafter), the durations of daily mean temperature higher than 10°C in Niangziguan and Guanting are 202 ± 6 d and 162 ± 7 d, respectively (Table 1) . Summer temperatures ≥22°C are about 71 ± 13 d in Niangziguan and less than 30 d in Guanting [20] (see Table 1 and Figure 2 ). . The isotope data were taken from GNIP (http:// www-naweb.iaea.org/napc/ih/IHS_resources_gnip.html). Grey bands indicate the thermal range (i.e. temperature ≥10°C) and the duration of snail activity [20, 22, 23] .
In our study area, most of the rainfall occurs during thehot season from June to September, and the amount of rainfall decreases from east to west with respect to the Loess Plateau. The 18 O of rainfall is enriched in spring and depleted in summer, and the δ 18 O value of summer rainfall gradually becomes more positive towards the west ( Figure  2 ). Vegetation also changes between these different climatic areas. For example, some C 4 plants decrease from 150 species in the eastern semi-humid areas to 115 species in the western semi-arid areas [21] .
Moreover, snail species and snail assemblages vary markedly with the change of hydrothermal conditions and ecological environments. The eastern parts of Loess Plateau are dominated by thermo-humidiphilous species, while the western parts are dominated by the cold-aridiphilous species [11, 12] . Two different ecological species of cold-aridiphilous P. aeoli and thermo-humidiphilous P. orphana were selected to investigate the seasonal effects on their shell stable isotope composition among snail taxa. P. aeoli prefers relatively cold and dry conditions [4, 11, 12, 24, 25] . It is currently distributed in semiarid areas of northwest China [11] . In those areas the daily mean temperatures ≥10°C last for about 140 to 180 d and summer is normally shorter than 45 d [20] . P. orphana is prefers warm and humid conditions [4, 11, 12, 24, 25] . It is mainly found in the southern region of the Yellow River [11] where daily mean temperatures ≥10°C usually last for more than 200 d and the summer is longer than 60 d [20] . In all of the 18 localities examined, populations of P. aeoli and P. orphana were abundant. A total of 36 populations (2×18), each consisting of 15 to 30 adult snail shells, were subsequently selected for carbon and oxygen isotopic composition [15] .
Fossil land snail samples
The Xifeng loess sequence (35°46′N, 107°41′E) is located in the central part of the Loess Plateau (Figure 1 ). It is one of the most classic loess sections where a large number of research has been previously carried out [5, 6, 10, [26] [27] [28] [29] [30] [31] [32] [33] . Studies on fossil land snail assemblages since the last glacial are also well documented [32, 33] . In the Xifeng area, the summer season is presently ~40-50 d and winter ~180 d [20] . Mean annual temperature and precipitation of this region is ~9.3°C and ~560 mm respectively. Over 60% of the rainfall is concentrated in the months June to September, with ~20% precipitated during spring.
Since the last 75 ka, the Xifeng loess section shows a thickness of 12.2 m. The upper 40 cm is a cultivated horizon with a boundary of ~3 ka BP [4] . Figure 3 shows the stratigraphy and magnetic susceptibility [6] since the last 75 ka and their correlations with the LR04 δ 18 O record [34] . Our time series was derived from Kukla et al. [5, 6] with upper 12.2 m deposit covering ~75.5 ka BP.
From all the 122 samples during the last 75 ka, we obtained 115 populations of P. aeoli and 37 of P. orphana. The 15-30 adult shells from each population were selected for stable isotope analysis [15] . However, not all samples yielded sufficient shell weights for stable isotope analysis, particularly for P. orphana in the L 1-5 and L 1-1 units. When the amount of fossil shell was not enough for analysis, we combined neighboring samples.
Isotopic methods
The shells from both modern and fossil snails were first Figure 3 Stratigraphy and magnetic susceptibility (MS) [6] of the Xifeng loess-soil section since the last 75 ka and their correlation with the LR04 δ 18 O record [34] .
cleaned in an ultrasonic bath and then gently crushed and placed in a bath of 10% H 2 O 2 for 24 h to remove any organic matter. After this treatment, the snail shells were ultrasonicated again, oven dried at 50°C and grinded into ~100 μm fractions. Under vacuum, the oxygen and carbon isotopic composition of the shell powder was measured from the CO 2 released by overnight reaction with 100% H 3 PO 4 at 25°C using a carbonate reaction device of Gas Bench-2 attached to a mass spectrometer. All samples were measured on a MAT253 gas mass spectrometer in the Key O. The mean analytical reproducibility (1σ) was 0.1‰ and ≤0.2‰ for carbon and oxygen respectively.
Results
Stable carbon and oxygen isotope composition of modern land snail shells
(1) Carbon isotope composition. From all modern populations analyzed, the mean δ 13 C of P. aeoli shells was −7.6 ± 1.3‰, ranging from −9.1‰ to −4.7‰. For P. orphana shells, the mean δ 13 C was −6.3 ± 2.2‰, ranging from −9.1‰ to −1.9‰ (Table 1, Figure 4 (a)). P. aeoli shells were on average 1.3 ± 1.0‰ more depleted in 13 C than P. orphana shells. Furthermore, the depletion becomes gradually larger from the western to the eastern Loess Plateau as the δ 13 C difference between both snail species increases eastward. At the most eastern locality the depletion reached a maxima as snail growing season became much longer.
In modern snail populations, some localities have a similar longitude but different latitude (about 100-200 km away) (Figure 1 ). These different micro-environments (plateau or gully) also influence the δ 13 C values of snail shells, which cause a larger longitudinal variation in δ 13 C values ( Figure  4(a) ). To better understand the general tendency of the δ 13 C difference along the east-west climate gradient, we combined every two degrees of longitude as one unit and averaged their δ 13 C differences (Figure 4(c) ). As a result, samples from the western part of the Loess Plateau where the season is shorter has the smallest δ 13 Figure 4(b) ). The δ 18 O value of P. aeoli shells is on average 3.3 ± 1.1‰ more positive than the P. orphana shells. Similar to the δ 13 C, the δ 18 O values from the P. aeoli shells becomes more positive than those from P. orphana shells from the west to the east plateau, and reaches a maximum at the furthest east. When we combined every two degrees of longitude into one unit and averaged the difference in δ 18 O (Figure 4(d) ) the western part had the smallest value of 2.9 ± 1.3‰. The highest value of 4.7‰ was found at the furthest east site.
Isotopic composition of snail shells from the Xifeng loess sequence
One hundred and fifteen populations of P. aeoli from the L 1 -S 0 strata of the Xifeng loess section show variations in shells isotope composition since the last 75 ka. Only 37 populations of P. orphana had sufficient weight for isotope measurement, mainly in the S 0 and the upper part of L 1-1 sequence and only a few occurring in the L 1-3 to L 1-5 ( Figure 5) .
Generally, the fossil shells of P. aeoli are more negative in δ 13 C and more positive in δ
18
O compared with P. orphana. The δ 13 C values from P. aeoli shells ranged from −6.4‰ to −8.3‰, while the P. orphana shells ranged from −3.2‰ to −6.8‰ ( Figure 5 ). The δ 18 O values of P. aeoli shells were highly variable during the last 75 ka with amplitudes up to 6‰, a maximum of −3.1‰ and minimum of −8.9‰. The δ 18 O values of P. orphana shells ranged from −6.0‰ to −8.1‰ ( Figure 5) . Overall, the isotopic differences in both snail shells differ widely during four periods in particular (MIS 4, MIS 3c-3b, MIS 2 and MIS 1).
During MIS 4 (L 1-5 ) the mean δ 13 C difference from both snail shells was 0.9 ± 0.2‰ and the mean δ During MIS 1 (S 0 ) in the early Holocene (11-8 ka BP) the mean δ 13 C and δ 18 O differences were 1.3±0.5‰ and 2.2 ± 0.6‰, respectively. In the mid-Holocene (8-3 ka BP) these values were 2.6 ± 0.7‰ and 2.1 ± 1.4‰, respectively. For the late Holocene (<3 ka BP), since the upper part of S 0 was a cultivated horizon, it is not discussed. The largest differences in the δ 13 C and δ
O values appear during midHolocene (8-3 ka BP) followed by MIS 3. The smallest differences occurred during the glacial periods (MIS 4 and MIS 2).
Discussion
Seasonal implications inferred from the stable carbon and oxygen isotopic compositions in modern land snail shells
(1) Carbon isotopic compositions and their relationship with seasonal vegetation. Laboratory controlled experiments carried out by DeNiro and Epstein [35] showed that there was no significant difference between the δ 13 C in land snail body tissues or their diet, but that their shells were on average enriched in 13 C by about 14.2‰. Land snails mainly feed on sprouts and tender leaves [11] thus the δ 13 C in land snail shells is, to a large extent, controlled by the relative abundance of C 3 /C 4 plants eaten by the snails [14] [15] [16] [36] [37] [38] . Generally, C 3 plants require more water than C 4 plants, whereas C 4 plants require higher temperatures than C 3 plants [39] . Therefore, in the areas where four distinct seasons occur such as the Loess Plateau, C 3 and C 4 plants dominate during different seasons. For example, C 3 plants mainly grow in spring and autumn, while C 4 plants grow during the summer [39] . Moreover, C 3 and C 4 plants have different carbon isotope compositions with mean δ 13 C values of −27‰ and −13‰, respectively [40] .
As mentioned above, P. aeoli shells from 18 localities across the Loess Plateau have more negative δ 13 C value than P. orphana, with the most negative value of 2.8‰. This indicates that P. aeoli might consume more C 3 plants than P. orphana, which could be further interpreted as P. aeoli preferring spring and autumn conditions when the climate is relatively cold and dry i.e. suitable for C 3 plants. This is also in agreement with our field observations on living P. aeoli where they were found most active after rain in mid-May 2005 in the southeastern Loess Plateau and mid-September 2006 in the Liupanshan mountains. Conversely, the growing season of P. orphana prefers warm and humid summers in the Loess Plateau where it ingests more C 4 plants. This is consistent with its living preference of warm-humid conditions. Furthermore, the δ 13 C of plants, particularly C 3 plants, are also influenced by climatic factors [41, 42] . These include temperature, precipitation and sunlight length. Therefore, plants growing in warm-humid summers may present more negative δ 13 C than those growing during the cold-arid spring [43] . However, these are not the main factors that cause the δ 13 C of P. aeoli shells to be more negative than P. orphana, as P. aeoli prefers cold and arid condition compared with P. orphana [11, 12] . Thus, the δ 13 C of land snail shells most likely reflects the composition of local vegetation (i.e., C 3 vs. C 4 ) of snail food whilst providing key information on the snails' main growing season.
(2) Oxygen isotopic compositions and its relation to seasonal rainfall. The δ 18 O of land snail shells reflects the δ 18 O of body fluid when the shell is precipitated whilst the body fluid in snails are directly or indirectly related to rainfall [16, 17, [44] [45] [46] [47] . Therefore, the δ
18
O of land snail shells can be used to infer rainfall [13, 17, [44] [45] [46] [47] . In addition, the δ 18 O of land snail shells has a negative correlation with temperature and humidity during shell formation [23, 48] . In the Loess Plateau, the δ 18 O value of rainfall is more negative in summer than in spring (Figure 2 ). Moreover, a large amount of rainfall occurs during the hot season which makes the summer more humid than spring. Thus, snails growing in spring such as P. aeoli present more positive δ 18 O values than those growing in the summer [16] . In our modern population P. aeoli shows more positive δ 18 O values than P. orphana. This would indicate that P. aeoli grow during the spring and P. orphana during the summer, which is consistent with their δ 13 C values and our field observations. (3) Carbon and oxygen isotopic compositions and their relationship with seasonal length. Land snails are very sensitive to temperature and humidity. When the air temperature is above ~25-27°C or below ~10°C, snails will enter a dormant phase [22, 23, 49] . Many species can only survive and grow within certain ranges of temperature and humidity and thus, snail assemblages from different seasonal climatic regions have their own dominant species. For example, P. aeoli is found in abundance in the west Loess Plateau, while P. orphana occurs abundantly in the east Plateau [11, 12] . Both isotopic differences in the shells of P. aeoli and P. orphana are shown in Figure 4 . It shows a gradual increase in δ 13 C and δ
O from the western to eastern Loess Plateau, which might be largely contributed by the change in seasonal climate across our study area.
At present the duration of daily mean temperatures ≥10°C at Niangziguan, Shanxi Province and Guanting, Qinghai Province are 202 ± 7 d and 162 ± 6 d, respectively [20] (Table 1, Figure 2 ). This means that the snail growing season is shortened by about 40 d in the west compared with the east of the Loess Plateau. As the length of growing season reduces, P. aeoli in the west delays its activity and grows in early summer which is closer to the growing season of P. orphana. This may be the main reason for the small δ 13 C difference (similar diet) of both snail species in the western Loess Plateau.
According to the relationship from the δ 13 C difference of modern snail shells and the length of snail growing season (Table 1, Figure 6 The difference in δ 18 O from both snail species might be also related to seasonal climate. Isotopic data of rainfall shows that the δ 18 O in summer (June to August) rainfall at Niangziguan in the eastern Loess Plateau is −7.6 ± 0.7‰, whilst in spring (April and May) it is −3.9 ± 0.5‰. The difference δ 18 O from rainfall between the summer and spring is about 3.7‰. During the summer (July and August) and spring (May and June) at Guanting in the western Loess Plateau, the δ 18 O of the rainfall is −5.4 ± 1.9‰ and −4.9 ± 0.7‰, respectively. Seasonal differences in Guanting are only ~0.5‰. Thus, the seasonal difference in δ 18 O from rainfall may be due to another cause that contributes to the smaller difference in δ 18 O in both snail species from western part, and larger difference in eastern part of the Loess Plateau.
Furthermore, temperature and humidity between seasons also varies greatly from the eastern to western Loess Plateau. The temperature difference between the summer and spring is up to 11°C in the east, and more than 50% less (~5°C) in the west. The rainfall difference between summer and spring is 82 mm per month in the east, and drops to only 37 mm per month in the west (Figure 2 ). Seasonal differences in the δ 18 O from rainfall, temperature and humidity are remarkably larger in the east than in the west. Thus, the longer seasonal length and greater seasonal difference causes a larger difference in δ 18 O in both snail species in the east. According to our calculations, every 1‰ difference in δ (d)). Therefore, the δ 13 C and δ 18 O differences from both snail shells can be used to indicate the duration of the snail growing season. Moreover, the δ 13 C difference is more closely related to snail growing season and has greater potential than δ 18 O for determining the length of the growing season ( Figure 6 ). However, it should be noted that the spatial distribution of our modern snail samples are limited and further extensive investigations are needed. Despite this, we interpret that the isotopic difference of both snail species could indicate the length of growing season and be used to infer their past growing seasons based on the isotope records of fossil land snail shells. 
Seasonal characteristics of cold and warm periods during the last 75 ka
As shown in Figure 5 , the δ 13 C of P. aeoli shells during the last 75 ka changed slightly, while the δ 18 O shows a larger variability. During the Holocene and MIS 3c-3b, P. aeoli has slightly negative δ 13 C values and relatively positive δ 18 O values compared with the colder glacial periods of MIS 4 and 2. One explanation could be that this species was living in spring during the warm periods of the Holocene and MIS 3, and forced to grow in summer during the colder glacial periods of MIS 2 and 4. This could also be related to the ingestion of more C 4 plants and summer rainfall during MIS 4 and 2. A previous study of C 3 plants indicated that more positive δ 13 C values occurred during cold periods than warm periods [43] which might be another interpretation for the higher δ 13 C values during MIS 4 and 2. On the other hand, P. orphana shells present more positive in δ 13 C and more negative in δ 18 O during warm periods than during cold periods. This could be due to higher abundances of C 4 plants [50] and more negative δ 18 O values of summer rainfall during the warm periods [51] .
Based on the relationship between the isotopic differences in the two modern snail species from the Loess Plateau and their growing season (Figure 6(c) and (d) ), the length of the growing season during the past 75 ka can be estimated. It should be noted that this estimate was mostly based on the difference in the δ 13 C of the snail shells rather than the δ 18 O as the latter is affected by too many factors [13, 17, 23, [44] [45] [46] [47] [48] . The error of estimated days was calculated in terms of the error of mean δ 13 C difference. As shown in Figure 5 , the δ 13 C differences are lower during MIS 4 and 2, reaching ~0.0‰ at MIS 2. A similar phenomenon in modern land snail populations occurred in the western Loess Plateau. During MIS 4 and 2, the mean δ 13 C differences were 0.9 ± 0.2‰ and 0.2‰, respectively. Hence, the length of snail growing season at MIS 4 and 2 was estimated to be ~160 ± 3 d, which is ~20 d shorter than present day. Moreover, the growing season during MIS 2 was shorter than MIS 4.
During MIS 3c-3b, the climate in the Loess Plateau was relatively moderate [32] . At this stage, the mean δ 13 C difference was 2.5 ± 0.4‰, which was larger than modern values from the Xifeng region and close to the value recorded from Niangziguan in the eastern Loess Plateau. The snail growing season during MIS 3 was estimated to be about 190 ± 6 d.
The mean δ
13
C difference during the early Holocene (11-8 ka BP) is 1.3±0.5‰ which equated ~170-180 d for snails growing at that time in the Xifeng area, a little shorter than present. During the mid-Holocene (8-3 ka BP), a difference of 2.6 ± 0.7‰ occurred, implying about 200±10 d for snail growth. This is ~20 d longer than the modern growing season and 40 d longer than MIS 4 and 2. The cli-mate during this period was probably similar to that of Niangziguan today.
The stable isotopic difference in both snail species suggests that the length of the snail growing season varied greatly since the last 75 ka. The longest growing season occurred in mid-Holocene, followed by MIS 3. We found the Last Glacial Maximum (MIS 2) had the shortest growing season, followed by MIS 4. The length of the biological growing season indicates that the duration time of the summer monsoon impact in the Loess Plateau, which might promote further understanding of the processes of paleoclimatic change, and thus needs to be studied further.
It should be noted out that the low abundance of P. orphana shells in some parts of the Xifeng loess section hindered us from obtaining a continuous isotope record and thus further information about seasonal climate changes during the last glacial period. Our empirical formulas (Figure 6 ) are mainly based on the limited data we obtained. Accurate quantification of the growing season length requires further work.
Conclusion
A study on the δ 13 C and δ
18
O differences between modern cold-aridiphilous P. aeoli and thermo-humidiphilous P. orphana from the Loess Plateau suggests that isotopic differences between both snail species has great potential to indicate seasonal length. Every 1‰ difference in δ 13 C from both snail species equates to ~15 d longer or shorter for snail growing season, while for δ 18 O it is ~19 d. The mean difference in δ 13 C from both P. aeoli and P. orphana shells was used to estimate the length of the snail growing season in the Xifeng area during the last 75 ka. The period during mid-Holocene (8-3 ka) had the longest growing time (about 200 ± 10 d), which was ~20 d longer than present. The second longest growing time was during MIS 3, ~190 ± 6 d. Stages during the last glacial periods (MIS 4 and 2) held the shortest growing times (~160 ± 3 d), which is ~40 d shorter than the mid-Holocene.
